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Introduction
There are obstacles to performing thoracic surgery in parts 
of the world where there are limited resources. The challeng-
es and limitations include those related to preoperative diag-
nostic imaging, specific anaesthetic considerations, surgical 
instrumentation, postoperative management, and surgical 
technical skills.
Rwanda is in the midst of the implementation of major 
innovation in healthcare education and delivery. As part of 
this ambitious endeavour, the Human Resources for Health, 
Abstract
Background
Universal access to safe surgery is still a challenge in low- and middle-income countries. An insufficient surgical workforce is a 
major barrier for performing surgery in these settings, especially specialized operations, such as cardiac and thoracic surgeries. This 
article describes the thoracic surgical procedures performed at three referral hospitals in Rwanda.
Methods
We conducted a retrospective cohort study involving patients with various chest pathologies operated by or under the supervi-
sion of a thoracic surgeon (faculty from the Human Resources for Health Program), at three teaching hospitals in Rwanda, from 
September 2015 through July 2017. This study included only major thoracic procedures. Data were collected from the faculty log-
book and patient files. The information collected included demographic data, clinical presentation, radiological and intraoperative 
findings, and outcomes. Ethical approval was obtained from the University of Rwanda College of Medicine and Health Sciences 
Institutional Review Board.
Results
Thirty-two patients underwent 33 operations during the 23 months of the study (1 patient had 2 procedures). Twenty-one of the 
patients (66%) were male, and 11 (34%) were female. Patients’ ages ranged between 13 and 77 years, with a mean age of 41 years. 
Infectious chest pathologies (mostly tuberculosis-related) were common indications for surgery.  Sixteen cases (48%) were tho-
racic empyemas that required either thoracotomy and pulmonary decortication or open thoracostomy (modified Eloesser flap). 
Other operations performed were anterior mediastinotomy for mediastinal mass (4 cases), biopsy and resection of chest wall 
mass (3 cases), pericardial window for pericardial tamponade (2 cases), resection of lung aspergilloma (2 cases), resection of a lung 
tumour (2 cases), and others (4 cases). Mortality was 6% (2 patients), and 3 patients had postoperative complications, which were 
surgical site infection in 1 patient and ineffective thoracotomy in 2 patients.
Conclusions
With clinical mentorship and dedicated teams, thoracic surgery can be performed in low-resource settings, where infectious pa-
thologies predominate, with acceptable morbidity and mortality.
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Rwanda Program (HRH) brought faculty from over 20 med-
ical institutions in the United States to work in health facil-
ities in Rwanda starting from 2012. During a 2-year period, 
1 of the authors of this article (MCS), who is an American 
thoracic surgeon, worked at teaching hospitals in Rwanda as 
HRH faculty, and many thoracic surgical procedures were 
performed, and local specialists were trained.1
This article describes thoracic surgical procedures per-
formed in 23 months at 3 referral hospitals in Rwanda: Uni-
versity Teaching Hospital of Butare (CHUB), University 
Teaching Hospital of Kigali (CHUK), and King Faisal Hospi-
tal (KFH), under the supervision of MCS.
Methods
A retrospective cohort study was conducted at 3 referral 
hospitals in Rwanda over 23 months (1 September 2015 
through 31 July 2017). The main objectives were to describe 
the thoracic surgical procedures performed and the barri-
ers and challenges faced. Major thoracic surgical cases were 
identified from the surgical logbook of the faculty thorac-
ic surgeon. Thoracic surgical procedures that involved the 
musculoskeletal components of the chest wall or required 
opening the chest, conducted under general anaesthesia, 
were considered “major” and were included in this series. 
Additional clinical information was obtained from patient 
hospital records. The number of chest operations done by 
other short-term visiting surgeons or local general surgeons 
during this period is unknown, and these were excluded. We 
also excluded minor thoracic procedures (those performed 
under local anaesthesia) and chest operations performed by 
paediatric surgeons. Ethical approval for this study was ob-
tained from the University of Rwanda College of Medicine 
and Health Sciences Institutional Review Board. 
Results
During this 23-month interval, 32 patients underwent 33 
thoracic surgical procedures (Table 1). Seventy per cent of 
the operations were performed by surgical residents or ju-
nior faculty members under the supervision of the thoracic 
surgeon. Occasionally the thoracic surgeon was the prima-
ry operating surgeon. Twenty-eight of the operations (85%) 
were performed at CHUB.
Preoperative evaluations consisted of routine chest 
x-rays, full-blood counts, and electrolyte measurements. As 
most of the operations were performed at CHUB, which did 
not have a computed tomography (CT) scanner during the 
study period, there were only a few CT images obtained at 
another referral hospital. Therefore, the number of patients 
who underwent preoperative chest CT scanning was limit-
ed. Only 2 patients underwent preoperative bronchosco-
py—1 had massive haemoptysis from an apical pulmonary 
cavitary lesion that contained an aspergilloma, and 1  had 
a post-traumatic tracheo-oesophageal fistula (TOF). The 
bronchoscopy on the patient with haemoptysis showed no 
abnormalities. The patient with the TOF will be discussed in 
detail below. Pulmonary function tests, cardiac stress tests, 
and arterial blood gas measurements were not available. The 
exact number of microbiologic examinations of the pleural 
exudates and histological evaluations of specimens of pa-
tients with apparent infectious processes are not known. If a 
malignant process was suspected, an operative specimen was 
sent for histological examination.
All operations were performed with a single-lumen en-
dotracheal tube. Eighty-eight per cent of patients were extu-
bated in the operating room at the conclusion of the proce-





Biopsy/resection chest wall tumour 3
Resection of aspergilloma 2
Pericardial window 2




Figure 1. Chest radiograph and CT scan of typical patient with 
empyema thoracis with thickened pleural peel and pyogenic 
debris prior to pulmonary decortication
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dure. One patient (pericardiectomy) was haemodynamically 
unstable at the end of the operation and was taken to the 
Intensive Care Unit (ICU) without being extubated. Three 
additional patients, each haemodynamically stable with ade-
quate oxygen saturation, were sent from the operating room 
to the ICU intubated because of disagreement or miscom-
munication between the surgical team and the anaesthesi-
ologists.
Ten of the 33 cases (30%) were pulmonary decortica-
tions. All but 1 of the decortications was performed to allow 
expansion of a lung compressed by a thick visceral pleural 
peel and pyogenic debris that could not be evacuated using 
chest tubes (Figure 1). Ninety-three per cent of purulent col-
lections were related to parapneumonic effusions 
or suspected tuberculous empyemas that had be-
come secondarily infected. One patient had an in-
fected haemothorax caused by blunt chest trauma. 
Another patient underwent decortication to ex-
pand a lung trapped by a partially calcified chronic 
fibrothorax.
An open thoracostomy (modified Eloesser flap) 
was performed in 5 patients. One of these patients 
returned several months later because the opening 
into the pleural space had become narrowed by 
scar contracture; the thoracostomy was satisfac-
torily revised. All 5 patients with thoracostomies 
had pyogenic empyemas thought to be secondary 
to tuberculous empyemas that had become secondarily in-
fected with pyogenic organisms (Figures 2 and 3).
After control of sepsis, the thoracostomy was obliterated 
in 1 patient using a latissimus dorsi flap. The remaining 4 
patients had good tolerance to thoracostomy and were dis-
charged to continue local wound care and cavity irrigation at 
their respective home district hospitals.
Both patients with aspergillomas had a prior history of 
treated pulmonary tuberculosis. Both had residual apical 
cavities containing opacities consistent with a fungus ball, 
and both had had massive, life-threatening haemoptysis. In 
Figure 2. Chest x-ray and computed tomography images of empyema thoracis prior to modified 
Eloesser flap
Figure 3. Open thoracostomy (modified Eloesser flap) – preoperative (with incision outline) and 
postoperative
Figure 4. Chest x-ray of patient 
with hamartoma
Figure 5. Computed tomography scan 
– left upper lobe adenocarcinoma 
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both cases, the apex of the affected lung containing the fun-
gus ball was resected.
Four anterior mediastinotomies (Chamberlain pro-
cedure) were performed in patients who had mediastinal 
masses that were thought to be malignant but unresectable.
Two patients with cardiac tamponade underwent peri-
cardial window operations. One of the patients had uraemic 
pericarditis; the other had recently undergone mitral and 
tricuspid valve surgery and had a large pericardial effusion 
refractory to repeat pericardiocentesis.  
Two patients underwent thoracotomy and resection of 
lung neoplasms;  1 was benign (Figure 4), and the other was 
malignant (Figure 5).
One patient underwent pericardiectomy for acute con-
strictive pericarditis thought to be secondary to recent blunt 
chest trauma.
All decortications, both pulmonary resections for asper-
gillomas, and both resections of lung tumours were done via 
posterolateral thoracotomies entering the chest through ei-
ther the fifth intercostal space or the bed of the resected fifth 
rib. Multiple intercostal blocks with a long-acting local an-
aesthetic (bupivacaine) were performed before chest closure 
in these cases.  
The anterior mediastinotomies were performed with the 
patients in the supine position with the operative side slight-
ly elevated. An anterior costal cartilage and a small part of 
the corresponding rib were resected over a prominent part of 
the mass adjacent to the anterior chest wall to provide access 
for biopsies.
Both pericardial windows and the pericardiectomy were 
done through left anterolateral thoracotomies in the fourth 
or fifth intercostal space with the left side of the chest slightly 
elevated. 
The results are summarized in Table 2.
The age range of the patients was 13 to 77 years with a 
mean of 41 years.  Twenty-one of the patients were male 
(66%), and eleven were female (34%).
Deaths
Two patients died. One was a 77-year-old man who was 
the first patient to undergo pulmonary decortication at that 
institution. Despite a preoperative discussion and plan to ex-
tubate the patient in the operating room, he was taken to the 
ICU intubated. He was left intubated and sedated for 1 week 
after which he failed extubation.
The other death occurred in a 36-year-old woman with a 
large bilateral anterior mediastinal mass, a left pleural effu-
sion, and partial collapse of the left lung. She was dependent 
on supplemental oxygen preoperatively.  She was initially 
extubated but was reintubated when she developed a small 
postoperative pneumothorax on the operated (right) side. 
Despite bilateral chest tube placement and reintubation, she 
had progressive respiratory decompensation, which led to 
her death.
Complications
There were no intraoperative complications and no pa-
tients required return to the operating room for re-explora-
tion. Three patients developed postoperative complications.  
A 48-year-old woman who underwent resection of a 
right apical lung cavity containing an aspergilloma devel-
oped a surgical site infection involving the skin, subcutane-
ous tissue, and superficial muscle layers. The infection did 
not extend into the intercostal muscles or pleural cavity. 
She was treated with antibiotics, dressing changes, and lo-
cal wound debridement on the ward and the wound healed 
satisfactorily.
A pulmonary decortication was done on a 48-year-old 
man, but the lung failed to expand. He had a pyogenic em-
pyema thought to have been due to a tuberculous empyema 
that had become secondarily infected. The postoperative 
course was uneventful, but the chest x-ray was unchanged. 
He was seen several months later, and his x-ray was identical 
to the preoperative one.  His moderate exertional dyspnoea 
was likewise unchanged.
A 32-year-old woman suffered a stab wound at the base 
of the neck with near complete transection of the trachea. 
The trachea was repaired through the stab wound, but at the 
time of the repair, the oesophagus was not visualized. Ap-
proximately 1-week post-injury, she developed symptoms 
of TOF (aspiration associated with swallowing). She under-
went bronchoscopy and oesophagoscopy, and the fistula was 
reported to be 3 cm above the carina. Because of the reported 
location of the fistula, a right thoracotomy was performed, 
and the trachea was mobilized from the carina to 8 cm prox-
imally. No fistula was identified, but a patch of azygos vein 
and pleura was placed between the trachea and oesophagus. 
After the thoracotomy, the patient’s symptoms persisted. 
Repeat bronchoscopy and oesophagoscopy correctly locat-
ed the fistula at the thoracic inlet on the left. The fistula was 
satisfactorily repaired at a subsequent operation using a cer-
vical approach.
Other
Pott’s paraplegia continues to be a vexing problem in 
much of the developing world.  One patient presented with 
kyphosis and worsening paraplegia for 4 months despite an-
tituberculous chemotherapy. Imaging showed destroyed T1–
T2 vertebrae with abscess collection (Figure 6). Although 
Table 2. Patient demographics and outcomes of thoracic 
surgery cases during the study period
Age (years) 13–77 (mean 41)




Postoperative complications 3 (9%)
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many patients with paraplegia secondary to tuberculosis of 
the spine can be satisfactorily managed by antituberculous 
medication alone, some patients require operative interven-
tion to drain the abscess and decompress the spinal cord. 
Costotransversectomy is an old but still useful procedure, 
provided it is done for the appropriate patients.2
Discussion
Tuberculosis is the leading cause of empyema which leads to 
thoracic surgical procedures in developing countries.3 Cur-
rent drug regimens achieve a cure rate > 85% in patients with 
pulmonary tuberculosis, but there are less satisfactory results 
in geographical areas where multidrug-resistant (MDR) 
strains are prevalent. The need for surgery is estimated to 
have increased from 5% to 15% over the last 20 years owing 
to the growing emergence of MDR-TB.4
In this study, intrathoracic infections were the indication 
for more than half of the procedures (10 decortications, 6 
open thoracostomies, and 2 aspergillomas). Patients with 
empyemas had a history of tuberculosis treatment plus sev-
eral attempts at chest tube drainage that failed to remove 
the pus. Ideally, patients with empyema need surgery for 
drainage of chronic pleural infection and to allow lung ex-
pansion. Decortication is the best and only available choice 
in resource-limited settings. The decision for decortication 
mainly depends on patient performance status, nutritional 
status, and ability to tolerate an extended period of general 
anaesthesia. 
Although pulmonary decortication is more likely to pro-
vide good pulmonary function as well as removal of the sep-
tic focus, some of our patients were severely debilitated and 
malnourished. It was felt that these individuals would not 
tolerate decortications. For such patients, open thoracosto-
my as first described by Eloesser in 1935 (but subsequent-
ly modified by many authors), is a reasonable alternative.5–7 
These patients are usually left with a permanent open chest 
wound, but it is possible for them to lead a relatively normal 
life, as they are unlikely to be subjected to repeated bouts of 
sepsis or chronic infection. Furthermore, after the sepsis is 
controlled, if the patient’s general health status improves, it is 
possible for the cavity to be obliterated using muscle flaps.8 
Unfortunately, 2 of the 32 patients (6%) died. It is not 
clear whether the patient with the decortication who died 
would have survived if the original plan (extubation in the 
operating theatre) had been carried out.  It is possible that 
he was simply too old and debilitated for such an operation.9 
However, the adverse outcome, in this case, underscores the 
need for better communication between the surgeons and 
anesthesiologists. The other death was probably unavoid-
able, and perhaps the biopsy should not have been offered to 
this critically ill patient.
Complications are of foremost concern in thoracic sur-
gery. Infection of thoracotomy incisions is uncommon, and 
the wound infection, in this case, was probably secondary to 
a break in aseptic technique, as it was unlikely to be related 
to the pulmonary fungus infection. 
The failure of the lung to expand after an apparently sat-
isfactory pulmonary decortication suggests that the underly-
ing lung parenchyma was fibrotic preventing the lung from 
expanding. Had this been recognized preoperatively (for ex-
ample, by CT scan), it would have been better to perform an 
open thoracostomy or avoid surgery altogether.  
The inability to find the TOF was the result of a manage-
ment error. It was not reasonable to expect that the traumatic 
TOF caused by a stab wound to the neck would be located so 
far distally as to necessitate a right thoracotomy. The surgical 
team should have questioned the endoscopy report and thus 
avoided an unnecessary thoracotomy.
Two other cases merit further discussion. The patient 
with acute constrictive pericarditis might have been better 
served with a median sternotomy, which was not available in 
our setting.  On the other hand, it was possible to perform a 
satisfactory cardiac decortication in this instance through a 
left anterior thoracotomy.  
One patient underwent thoracotomy to repair a rupture 
of the left hemidiaphragm secondary to blunt trauma.  Rup-
ture of the diaphragm should generally be repaired by lapa-
rotomy.  However, if the diagnosis is made late (in this case 
several months after the incident), it is preferable to perform 
a thoracotomy to facilitate the division of adhesions between 
the herniated viscera and the lung or mediastinum. In this 
patient, half of the left hemithorax was occupied by the her-
niated, dilated gastric fundus.
Although universal access to safe surgery is still a chal-
lenge in low- and middle-income countries, this study in-
dicates that some specialized surgeries, such as cardiac and 
thoracic can still be performed in these settings to treat in-
fection-related morbidities with satisfactory outcomes.
Conclusions
Infectious diseases continue to be a source of major morbid-
ity and mortality in Rwanda. Chest infections that could not 
be treated adequately with antibiotics alone accounted for 
more than half of the patients who required surgical inter-
vention in this series. The increasing incidence of MDRTB 
Figure 6. Cervicothoracic computed 
tomography image of a patient with Pott’s 
disease and abscess collection
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contributes to this problem. This modest experience in 
Rwanda suggests that thoracic surgery has a role in the man-
agement of some patients in resource-limited settings.  To 
meet this need, thoracic surgeons need to be trained, and 
support services (including anaesthesiology, diagnostic im-
aging, and laboratory capabilities) must be enhanced.
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